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Abstract

‘Navaho’ and ‘Arapaho’ blackberries (Rubus sp.) were stored at 2 °C in ambient atmosphere (0.03 kPa CO2, 21
kPa O2) or CA (15 kPa CO2, 10 kPa O2) with the following treatments: 3 days of CA storage plus 11 days in air; 7
days of CA storage plus 7 days with air; 14 days of constant CA storage. Titratable acidity was higher after 3 and
14 days CA storage for ‘Arapaho’ and ‘Navaho’, respectively, compared with control fruit. At least 7 days of CA was
needed to reduce incidence of decayed fruit in both cultivars. Monomeric anthocyanin content decreased 20% after
7 days CA storage compared with control blackberries for both cultivars. Consumer panels did not detect off-flavors
in blackberries treated with CA for 3 or 7 days. Published by Elsevier Science B.V.
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1. Introduction

‘Navaho’ and ‘Arapaho’ blackberries are thorn-
less erect-type cultivars with firm berries and a
shelflife of 7 days when cooled immediately after
harvest and stored at 2 °C at 90–95% relative
humidity (RH). Decay is the primary limiting
factor in longer storage (�7 days) of these fruit
(Perkins-Veazie et al., 1999). Robinson et al.
(1975) found that 15 kPa CO2 and 5–10 kPa O2

controlled decay in ‘Bedford Giant’ blackberries,
but no effects of CO2 on soluble solids content,
titratable acidity, anthocyanins or flavor were re-
ported. ‘Cherokee’ blackberries harvested for pro-
cessing were held under short storage durations at
high storage temperatures (2 days at 29–36 °C)
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under 40 kPa CO2 (Morris et al., 1981). After
storage, these fruit had 20% less decay than
control fruit with no deleterious changes in solu-
ble solids, titratable acidity or anthocyanins, but
fruit were rated unacceptable by taste panelists
due to off-flavor development. The purpose of
this study was to determine the quality and
flavor of blackberries after short interval CA
treatment.

2. Materials and methods

Fully firm black fruit of ‘Navaho’ and ‘Ara-
paho’ were harvested twice in 1998 and 1999 in
established blackberry plots at Lane, OK. No
pre- or post-harvest fungicides were applied.
Fruit were pre-cooled for 14 h at 2 °C and 95%
RH. Four replicates, consisting of 200�30 g
fruit per treatment, were placed in 0.9 l canning
jars, with lids adapted for inlet and outlet gas
flow lines to humidified atmospheres (95% RH)
of control (21 kPa O2, 0.03 kPa CO2) or CA
(10 kPa O2, 15 kPa CO2) were obtained by con-
necting lines from a commercial grade CO2

tank, (regulated with capillary tubes) to flow
boards and manifolds connected to jars (Clay-
pool and Keefer, 1942). Flow rates were main-
tained at 70 ml min−1 per jar and atmospheres
monitored daily. One milliliter gas samples were
analyzed every 3 days for CO2 and O2 concen-
trations using a gas chromatograph (Shimadzu
14A, Columbia, MD) equipped with a thermal
conductivity detector and a CTR-I column
[3.1×0.003/0.006 m (Alltech Assoc., Deerfield,
IL)]. Treatments for the study were as follows: 3
days of CA storage plus 11 days in air; 7 days
of CA storage plus 7 days in air; 14 days of
constant CA storage. Fruit in control jars were
held for 14 days under humidified air. All fruit
were held at 2 °C during and after CA treat-
ment.

Fruit weight loss was assessed after 14 days
of storage and berries were subjectively rated for
incidence of decay, leakiness, and softness
(Perkins-Veazie et al., 1996). For compositional
analysis, 40 g berries free of decay per treatment
replicate were pureed and duplicates were ana-

lyzed for percent titratable acidity (TA) and per-
cent soluble solids concentration (SSC), as
described in Perkins-Veazie et al. (1996).
Monomeric (cyanidin-3-glucoside, MW 449.2,
extinction coefficient 26 900) and polymeric an-
thocyanin content were determined by pH dif-
ferential and bisulfite bleaching methods
(Rommel et al., 1992).

‘Navaho’ and ‘Arapaho’ berries were evalu-
ated for flavor and taste acceptability after 3
and 7 days of CA storage only, to eliminate the
possibility of consuming fruit with slight decay.
Subsamples consisting of three jars per cultivar
and treatment were used to provide fruit for
taste tests. Fifteen to 20 consumer panelists
evaluated berries for odor, texture, sweetness,
flavor, tartness, bitterness and overall acceptabil-
ity using a 1 (poor) to 9 (excellent) hedonic
scale. Two to three berries per variety and treat-
ment were used for each sample. ‘Navaho’ was
used in 1998 and 1999 and ‘Arapaho’ in 1999
(two harvest dates per year).

The experiment was conducted as a split plot
design, with variety as main plot and treatment
and storage interval as sub plots. The experi-
ment was duplicated over years, using two har-
vest dates per year (early and midseason), with
the exception of taste tests. Data were analyzed
using Analysis of Variance (ANOVA). Interac-
tions for cultivar and treatment and days of
storage and treatment were significant, therefore
significance between paired means for treatments
was determined using Student’s t-test, and dif-
ferences among storage days within a treatment
and cultivar were determined using LSD (SAS,
v. 7.0, Cary, NC). ANOVA was used to analyze
taste test data, with no significant interactions
found among treatments, days storage, year,
and/or cultivar.

3. Results and discussion

Weight loss was minimal in this study and
averaged 0.7–1.2% over 14 days storage with no
significant treatment differences (data not
shown). Air-stored (control) ‘Navaho’ fruit, av-
eraged over treatment intervals, had less leaky
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or decayed berries compared with ‘Arapaho’
(Table 1), as reported in other storage studies
(Perkins-Veazie et al., 1999). Seven days applica-
tion of CA effectively reduced decay in both
‘Arapaho’ and ‘Navaho’, compared with control
blackberries. Seven and 14 days CA treatment
effectively decreased the incidence of leaky
berries and increased the number of marketable
berries for ‘Arapaho’, compared with control
fruit. Treatment had no effect on the incidence
of soft berries in either cultivar (mean of 14 and
15% for ‘Arapaho’ and ‘Navaho’, respectively).

Compared with fruit at harvest, all stored
blackberries had lower titratable acidity and
higher pH values, but the degree of change de-
pended on cultivar and treatment (Table 2).
‘Navaho’ berries were lower in pH, higher in
TA, SSC, and anthocyanin content than ‘Ara-
paho’, consistent with other ‘Navaho’– ‘Ara-
paho’ comparisons (Perkins-Veazie et al., 1999).
In ‘Arapaho’ berries, TA was consistently higher
and pH lower in CA fruit after all storage inter-
vals compared with control fruit, while CA-
treated ‘Navaho’ berries changed significantly
only after 14 days storage, relative to controls.
Morris et al. (1981) reported no changes in solu-
ble solids, titratable acidity or anthocyanins with

‘Cherokee’ blackberries stored for 2 days in 40
kPa CO2 at 29–36 °C compared with air stored
fruit.

Total monomeric anthocyanin content was re-
duced by 20% after 7 days CA storage in ‘Ara-
paho’ or ‘Navaho’ blackberries, compared with
fruit from control treatments (Table 2). These
fruit were held without CA for an additional 7
days and still had less anthocyanin than fresh or
control fruit, indicating an irreversible loss of
pigment. Polymeric browning, an indication of
anthocyanin degradation, was �10% for all
treatments (data not shown). To our knowledge,
this is the first report of CA storage reducing
anthocyanin content in blackberry. In ‘Arapaho’
and ‘Navaho’ blackberries, 85–87% of the an-
thocyanin pigment is cyanidin-3-glucoside (Fan-
Chiang, 1999), and is reported to be the most
unstable of the anthocyanin pigments due to its
high reactivity (Mazza and Miniati, 1993).

Holcroft and Kader (1999) found a 16–20%
loss in anthocyanin content in strawberries after
treatment with 20 kPa CO2 and storage at 5 °C.
These strawberries had a higher pH and lower
TA compared with air-stored fruit, unlike the
blackberries in our study. The similar reduction
in anthocyanins in blackberries and strawberries

Table 1
Selected attributes of ‘Arapaho’ and ‘Navaho’ blackberries held in controlled atmosphere (CA) (15 kPa CO2, 10 kPa O2) or air
(control) at 2 °C with 95% RH for up to 14 days

Marketable berriesa (%)Cultivar Decayed berries (%)Days of treatment Leaky berries (%)

Control CA Control CA Control CA

77263016* 82253Arapaho
7 31 14* 31 17* 75 87*

9* 50 9* 6714 89*33
30 13 37 18 73 86Mean

9LSDb 5 10 7 6 4

85181811 83163Navaho
11* 19 277 85 8415

14 20 5* 39 10* 73 90*
25917 868118Mean

7LSD 6 17 13 9 8

a Marketable berries represent 100%−[sum (decayed+leaky+soft berries)/3].
b Means separated by LSD within cultivar and treatment, P�0.05. Means separated between treatments within cultivar by

Students’ t-test (P�0.05), with significant differences indicated by *. Interactions of storage×cultivar and treatment×storage×cul-
tivar significant, P�0.05.
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Table 2
Compositional changes of ‘Arapaho’ and ‘Navaho’ blackberries held in CA storage at 2 °C up to 14 days

Cultivar Days of Soluble solids Total monomericTitratable acidity (%) pH
treatment anthocyaninconcentration (%)a

(mg per 100 g)

Control CA Control CA Control CA Control CO2

Arapaho 0 8.7 0.82 3.37 122.1
8.43 8.2 0.67 0.75* 3.75 3.67* 116.4 122.1
8.1 7.9 0.63 0.76*7 3.75 3.64* 123.4 99.13*

14 8.0 8.5* 0.65 0.71* 3.78 3.68* 123.6 93.6*
Mean 8.3 8.4 0.70 0.77 3.64 3.57 121.6 113.5

0.8 0.9 0.15 0.14 0.25LSD 0.20 3.1 5.3

12.1 1.0Navaho 3.320 107.7
11.4 11.6 0.88 0.843 3.62 3.65 131.7 128.6

7 11.6 12.3* 0.84 0.86 3.62 3.64 145.3 113.6*
11.1 11.4 0.80 0.97* 3.6714 3.49* 125.1 100.9*
10.7 11.7 0.89 0.92Mean 3.48 3.42 120.8 111.0

LSD 0.4 0.4 0.10 0.09 0.12 0.12 2.4 3.0

Fruit were stored in air (control) or CA (15 kPa CO2, 10 kPa O2) at 2 °C with 95% RH.
a Means separated by LSD within cultivar and treatment, P�0.05, and between treatments within cultivar by Students’ t-test

(P�0.05), with significant differences indicated by *. Interactions of storage×cultivar and treatment×storage×cultivar significant,
P�0.05.

after treatment with 15–20 kPa CO2, despite oppo-
site effects on pH and TA, indicate that an enzy-
matic process is involved, rather than a
copigmentation effect with organic acids or other
flavanoids. Rommel et al. (1992) found that an-
thocyanin (cyanidin-3-glucoside) was less degraded
in juice of ‘Thornless Evergreen’ blackberries when
given a combination of high temperature and short
time pasteurization, and speculated that pigment
degradation was due to glycosidases or polyphe-
noloxidase.

Sensory taste panelists were unable to discern
differences in odor or flavor between CA treated
and control fruit (data not presented). No differ-
ences among years were found for ‘Navaho’.
‘Navaho’ and ‘Arapaho’ fruit were similar in 1999
in all categories except texture (4.4 (softer) and 5.1
for ‘Arapaho’ and ‘Navaho’, respectively). All fruit
were rated around six for overall acceptability,
indicating fruit had acceptable quality after 7 days
of storage regardless of treatment. The lower pH
and higher TA of CA-stored fruit did not adversely
affect tartness or overall flavor characteristics. CO2

levels in our study never exceeded 15 kPa and O2

levels were maintained at 10 kPa, preventing black-
berries from becoming anaerobic.

4. Conclusion

Both ‘Navaho’ and ‘Arapaho’ blackberries had
less decay when stored for 7 days at 15 kPa CO2

and 10 kPa O2, with no adverse affects on flavor,
compared with fruit stored in ambient atmosphere.
However, after 7 days of CA treatment, there was
a significant loss in anthocyanin content.
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